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Onc of the o]dcst mys[crics in gcmnagnctism is the linkage bctwccn solar and geomagnetic

activity. Sabinc (1 852), first noted I}M[ both the numbers of sunspots and geomagnetic storms at
Iiarth have an clcvcn year cycle. A few years later, Barrington (1 860) reported that a large
magnetic storm followed the great Scptcmbcr 1859 solar flare and a causal relationship bctwccn
flares and storms was spmdatcd. It was not until this century that a well-accepted statistical
survey on large solar flares and geomagnetic storms was performed (Newton, 1943). ‘l-he results
indicated that a significant correlation between flares and geomagnetic storms exist.

Although the two phenomena, one at the Sun and the othcx at the Earth, were statistically
comclatd,  the exact physical linkage was still an unknown at this time. Various hypothmcs
Were proposed . It was not until i~itcq)lanctary  spacecraft n]e.asurcmmts  were. available that a
high sped plasma stream was associated with an intense solar flare (1 lirshbcrg ct al., 1970). The
high speed stream was rich in helium. ~’hc vdocity of the solar wind incrcascci just prior 10 and
(luring the helium passage, indicating the aurmal cjccta was icicntificd for the first time. Space
plasma measurements and the Skylab’s cmmagraph itnagcs of mass ejections from the Sun
firmly established the plasma link bctwccn the Sun and the ]Iarth.

}iigure 1, is an example of a coronal image of a solar ejection, called a Coronal Mass
1 ljcction, or CM] i (Gosling et al., 1975). Although it was originally thought that the magnetic

annihilation (which is the cause of solar flares) providd  the energy for the cx~)ulsion of the
coronal material, careful timing analyses clcn]onstratcd that the CM1;S arc rclcascd first, and thus
flares arc after-effects of the mass ejections (Ilarrison, 1986). “l’his has led to some severe
rethinking of how mass is cjcctcd from the solar coma.
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‘J’here IMvc bcm plasma and magnetic ficl(i instramcnts onbmr(i intcrp]anctary spacecraft
since the cady 1960s. “1’hcsc cxpcrimmts (iiscovcrui that lhcrc is a continuous flow of plasma

coming outwar(i from the Sun. At 1 Astronomical lJnit (the ILarth’s ciistancc from the Sun), this
“solar win(i” has a nominal vclmity of - 400” km s-1 an(i a cicnsily of -4 to 10 par[iclcs cm-~.
‘J’hc plasma consists of primarily hot clcchms (’J’c - 1.5 x 105 K) an(i protons (’J’p -- ().8x 104 K)

with a minor fraction (- 3-5%) of IIc+ + ions. ‘J’hc plasma has an cn]bcd{icd magnetic ficl(i of
intensity -5 nq’. At llarti~, 1 ALJ from the Sun, the typical thcmal plasma to magnetic ficl(i
energy density ratio, beta (8xnk”J’/J3~), is rm}@]ly 1.(). in tlm equation n is the plasma (icnsity, k
the IIoltmatm constanl an(i 11 the magnclic ficl(i in[cnsity.

IIcsi(ics the quicsccnt solar win(i (iiscussc(i  above, at timc,s near solar maximum (by
cicfinition  when there is a nlaximum numhcr of sunspots), high spcc{i slrcams occur with
vdocit ics occasional] y greater than 600” km s-1 an(i somc[i mm even grca[cr than 1,0{)() km s-1. If
wc usc NcwIon’s 1943 statistics, wc now know that apJmxin~atcly  W% of these high sped
streams at solar maxin~um arc associatmi with CM] ;s. JIccausc the ambient magnctosonic wave
spccxi is only - 1 ()() km s-l, lhc (ii ffcrcncc in flow vc]oci[y bc[wccn lhc faster s[rcam and the
slower stream is grcalcr than tlm magnctosonic  (fast mode) spcc(i. ‘J ‘bus, a fasl forwal<(i  shod is

fortmxi  at the lcacling edge of the high-sped stream.
A schematic of the shock an(i (irivcr gas is shown in };igurc 2. “J”hc shock is the outermost

(anlisunwatxi) extension of the solar ciislurbancc’s proJmgalion  inlo intcrp]anctary space. ‘J”hc
region immcxiiatcly  bchin(i (sunwar(i of) Ihc shmk is composcxi of swept-up, comprcssmi all(i
accclcratc(i plasma an(i ficl(is from the “slow” slrcam an(i is called the “shca(h” rc.gion. }Ichin(i
this is the cirivcr gas (Ch411) proper. ‘JIIc (irivcr gas has Jwcvious] y been i(icnt ificxi by a variety of
signatures: cnhancc(i 1 Icliunl/h y(irogcn (icnsit  y ratios, low ion tcnlJm”aturcs,  high intcnsily
magnetic ficl(Js with low variances an(i bi-(iircdional strcan~ing of thermal ions ami electrons. It
shoul(i bc mentioned that no mm mcasurcmcnt or combination of nmlsurcmcnts have provcxi 10
hc a Jvwfccl means of i(icntification, JIowcvcr (Xwickl cl al., 1 983; Choc C( al., 1992). ]ntcnsc
research in ibis area is stiJJ ongoing.

IIccausc of IJ]C typically higJ~ intensity magnc[ic ficl(is (1 0-50 n“J’) an(i low plasma
Icnlpcralurcx,  the (irivcr gas is a low beta plasma, O = ().()3 - ().8 (Ci~oc d al. 1992). in about 1 ()%
of the cases, the magndic fid(i in these regions JIas an unusual configuration, with large out-of-
thc ccliJltic components. ‘J’i]is J~as bcc,n named a magnetic clomi (Klein an(i IIurlaga, 1982). A
rcccnt schc.matic of the magnetic ficl(i configuration is shown in ]iigurc 3 (Marubashi, 1986).
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When crossing the cloud, the field rotates from llo]lll-to-s(~tltll or sou[h-to norlh with a lime scale
of a day or longc.r. “1’his configuration is bclicvcd to bc force-free, suppor[cd only by ficld-
aligncd cumnls flowing insi(ic of it.

Onc funciamcntal question conccmin~ this magnetic field region is whether it is “closed” like
a magnetic bubb]c, or whether it is a loop with both ends remaining attached to the. Sun. ‘1’tm
prcscncc of bi-dircctimal streaming electrons and protons in this rcgim have bccm used to argue
for a closc(i magnetic struclurc (Gosling ct al. 1987). 1 lowcvcr,  the observations of cncrgctic
solar flaw particlc,s both outsi(ic  an(i insicic of this s[ructurc an(i the small amount of mmiulation
of cosmic rays by timsc structures, ]Mvc been used to argue for an open structure still conncctcci
back to the Sun (Kahlcr and Rcamcs, 1991). ‘1’hc argument about open or closed structures
persist bccausc onc-spacccraf( “cuts” through the till.cc-dil~~ct~siol~al slructum cannot resolve such
a question. Mulii-spacecraft ]]~c.:is~ll.cl~~ct~ts  arc ncmimi.

IIi. MAGNIH’JC RIKX)NNIK’1’ION AN]) MAGNI13’lC  S’J’ORMS

‘1’hc high spcc(i plasma events which am lcxi by shocks, followc(i by plasma si]caths an(i then

the (irivcr :,ascs, (io not have {iircct access to the I ;arti]’s (iaysi(ic atmosphere an(i ionosphere.
‘1’hc pmtcctivc magnctosphcrc which is crcatcxi by the internal magnetic ficl(i of the 1 larih,
cicficcls li~c interplanetary plasma an(i ficl(is, so the latter flow arounfi the magnctosphcrc.  “J’hc
solar wind plasma primariiy cmtcrs the n~agnctosphcrc througil magnetic connection bctwccn the
interplanetary magnetic ficl(is an(i the }iarti~’s oulcr ficlcis, as schematically shown in };igurc 4.
When the interplanetary magnetic fic](i (1 Ml;) has a component with a (iircction opposite
(southward to ti~c l~~agl~ct(~sl~l~cl’ic  ficl(is (norihwarci), il~tclco]~l~cctiol~  can take place, an{i the
solar win(i convects these ficl(is back into the tail region where timy rcconncct once more

(Illngcy, 1961; Vasyliunas, 1975). “1’hc magnc.tic tcmion on lhc fl<cshly rcconncctcxi tail ficl(is
“snaps” the rcconncctc(i ficl(is an(i plasma forwar(i towalxi the nighlsidc of lhc llar[h. l’hc

4convcdion  process, tbroug,h conservation of the first two a(iiabatic invariant (p and Pcis),

cncrgizcs the plasma. When ti~c magnetic (iaysicic connection is particularly intense, the
nightsi(ic reconnection is also col.r~~sj~(~l~(iii~gly  high, and the plasma is (irivcn (iccp into the
nightsi(ic inner nlagnctosphcrc. IIccausc the plasma is anisotropicaliy hcatc(i by Iilis process,

plasma instabilities (Ioss-cone ins(abiliiics) occur, creating clcctlol~l:igl~ctic an(i electrostatic

plasma waves, which cyclotron rcsona[c with the cncrgctic pariic]cs (Kcnnc] an(i ]’ctschck,
1966). ‘1’hc wave-par[ic]c interactions break the pariic]cs’ first adiabatic invariant, scattering
ti]cm in pitch ang]c. l’articles that have their mirror points lowcrmi to altitu(ics at
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atlllos]311crc/i  ollospllcrc  hci@ts arc lost by collisions with atillosl>l~cl.ic/iO1los~jllcric  parliclcs. in

the loss pmccss, att~~osphcric/iol~ cJspl~cric atoms and molccwlcs arc cxcitcci, resulting in
characlcrislic aurora] emissions. “l”hc above scenario is the cause of the diffuse aurora, a
phenomenon which occurs primarily in the Ilar[h’s mictnigh[ scclor. “1’hc spreading of the aurora
toward local dawn is caused by electron azimuthal drift, a topic that will bc discussed shordy.

“l”hc ni~hlsidc convection electric field which drives the plasma from lhc tail into the

nightsidc inner n~agnctosphcrc has a dawn-to-dusk orientation. Whcm this field develops
discon[inuitics with V “E <0, magnetically field-aligned currents wi[h associated field-aligned

clcclric potcnlial diffcrcnccs and electron pmcipit at i on develop. “J ‘his powers the -- 1()() km scale
aurora] precipitation (1 ,yons, 1980; 1992). Aurora of this type. arc shown in I~igurc, 5.

As the cncrgctic par[iclcs am convcctcd dc.cp into the }lar[h’s nightsidc magnctosphcrc,  they
am also subjcctcd to fm-ccs duc to the magnetic fic.id curvature and gradic.nt as WC,I1 as forces duc
to par[iclc gyration effects. }ior the same charge sign, tbcsc forces act in unison, and the net
effect is Ihat protons drift from midnight toward dusk and electrons from midnigll[ toward dawn
(1 ‘igurc 6). “1’his opposilcl y dircctcd drift comprises a ring of current (the ring current) around lhc
Iiar[h. “J’hc currcn[ is a dian~agnctic  one, decreasing the intensity of the llar[h’s field. An
cnhanccd ring currcmt is the prime indicator of a magnetic storm. “J’hc total energy of the,
par[ic]cs in the ring current (measured by the inlcnsity of the diamagnetic field pcrlurbation), is a
nmasurc.  of lhc storm intcnsily  (1 lcsslc.r and l’arkcr, 1959).

Wc now compare the intcrplanclary fca[urcs discusscrt prcvious]y an(i their relationships to

the phases of a magnetic storm, shown in 1 ;igurc 7. in the IJigurc, the mlinatc gives the change
in the horizontal component of tbc }iarth’s magnetic ficl(i, measured by a chain of ground basc(i
stations located near {hc equator (the mxiina[c is the field avcragmi mm these stations). ‘J’hc
abscissa gives time. ‘J’here arc three phases to a geomagnetic storm, as in(iicatcci in the }~igurc.
‘1’bcy arc cal]cd the initial phase, where the hori~onlal  component incrcascs 10 posilivc values of
up to 1 O’s of n-l’, a main pilasc wi~ich can i]avc magnitmics of negative hun(ircxis of n’1’, an(i a
rccovcry pilasc where the field gra(iuall y returns back to the am bicn[ lCVC1. An average of these
(icviations from the field ambient value is cal]cxi tim IJs’I in(icx, mcasurcxi in nrl’. “J’hc time scales
of the tlmz pi~ascs arc variab]c. ~’hc initial pi~asc can las[ minutes to many hours, ti~c main phase
a half-hour to several hours, an(i the rccovcry from tens of hours to a week,

“J’hc inilial phase is causmi by lhc solar win(i ram pressure (1/2pVsw2) incrcasc as the
intcrp]anctary  si~ock wave hits the front si(ic m agnctosphcrc. ‘1’imrc am both abrupt velocity an(i
plasma (icnsity incrcascs across the shock that ]ca(i to the (iramatic ram pressure incrcasc. “1’his
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pressure pulse rapid] y compresses the magnctosphcrc anti causes the incrcasc in the average field
at the equator.

‘J’hc storm main phase. onset is initiated by a southward IMl; and ccmscqucmtial cnhanccd
magnetic reconnection. lluctocnhanccd  l~igl~(si(lc col~vcctiol~, tl~c Vail Allen radiation belt
parliclcs incrcasc in number and average cncr~y. As the ring current incrcascs, the diamagnetic
currcnl causes the clccrcasc in tbc llarlh’s field.

‘1’hc third, or rccovcry, phase of the storm is duc to the decay of this belt of cncrgctic
parliclcs. “1’here arc four fundamental mechanisms for this 10ss: ] ) wave-parliclc inlcractiol~s,
where waves pilch-angle sca[[cr the parliclcs into lhc “loss mnc”, 2.) for charged parliclcs wi lb
low mirror points or those trapped on field lines within the plasmasphcrc (a region of high
density plasma), Coulomb interactions take p]acc, 3) charge cxchangc with ncutra]s is a

dominant loss mechanism, particularly at large 1., (the 1. value of a magnetic field line is Ihc
(iis[ancc in JLarlh radii from the liarth’s ccntm to the equatorial plane crossing of Ihc field), and 4)
convcctim across the daysidc mag,nctopausc  will lead 10 loss within the nlagnctoshcath. “J’hc
first three pmccsscs occur within tbc storm main and rccovcry phase. ‘J ‘k fourlh mccbanism

only occurs  during  the main phase. IIuring pariiculady  intmsc storm main phases where Ihc 10ss
time scales can hc as rapid as an hour or less, the most prohablc mechanism is wave-par[iclc
interactions. “Jl~is has not been ohscrvationally  confirmed, however.

Onc type of aurora, wbicb is specifically associated with magnetic storms, is tbc brilliant
“blood” ml aurora shown in 1 ‘igurc 8. “J’hc Id aurora is cmatcd  by the emission of a 63(10 ~

oxygen line and occurs at very high altitudes (2.(0600” km) where the collisional de-excitation
time scales arc ]argcr than the nlctas[ab]c decay time of - 200 s. (Inc thought (Cornwall ct al,,
1971 ) is that clcctromagnctic ion cyclolron waves gcnmatcd by lhc 10ss cone instability of the
ring current protons get damped and accclcralc the lll:lgllclosJJl]cric Ihcmal electrons up to
cncrgics of 2.-3 cV. “J’hcsc  low energy clcc(rons arc s[oppc,d high in the atmospbcrc  rcsu]ting in
the aurora. Another possibility (l/ok cl al., 1991 ) is that ring current ions ancl electrons arc
scaitcrcd and s]owcd down by Coulomb interactions with thermal plasma and arc eventually

removed from trapped orbits. “J’here is now more cvidcncc pointing toward the latter mechanism.

IV. AN IN’J’JH<I’I .AN1l’J’ARY }iXAh41’1 .1;

l’rcvious]y, in I;igurc 2, wc showed lhc profile of the two primary regions where inlcnsc
soutbwarci interplanetary magnetic fields can occur within the high -sJ>ccd streams: in the sheath

region hchind the shock, an(i in the driver gas. Wc showed that a flux-rope configuration could



lead to large southward (and northward) flcld orientations, magnetic connection at the I;arlll’s
n~agnctosphcrc (when the IMl; is southward), and aurora, l;igurc 9 illustrates five. observed an(i

hypothcsimi nmhanisms for shcalh southward fields. l’rccxisting southward ficlcis can simply

bc (a) compressed by the shock, (b) the hc]iosphcric current sheet which separates the norhm
and souihcrn  hcliosphcric fields can bc distor[cd and compressed by shock compmsion, and (c)

large amplitude waves and turbulence or the prcscncc of discontinuitics can bc associated with

o~lt-of-tl~c-ecliptic field cmnponcnts,  (d) the sheath plasma flows around the driver gas, the
magnetic fields will drape mm it, much like the field draping around a comet. ‘J’hc magnetic
tension will expel plasma down the lines of force creating a low beta region near Ihc stagnation
region (Y,wan and Wolf, 1976). A mechanism has been dcmonstratc(i for cwating large scale
north-south ficlcis from flows around an object like a driver gas (c). ‘1’hc illustration gives an
example of this. };inal]y, bccausc the. liar{h’s (iipolc is substantially tiltc(i in the y-z plane during
Ihc equinoxes (see f), fields in the ecliptic plane (y axis) will have IIy, ccm]poncnls in the solar

magnclosphcric (Sh4) comiinatc  systcm, the coor(iinalc, syslcm rc]cvan[ for magnetic

reconnection.
II shoul(i bc notc(i ti~a[ in the two regions, ti~c si~cati~ an(i the (irivcr gas, the ficl(i orientation

has been found empirically to bc l~c)r[l~w:ll.(i-  (iirt’ctc(i with equal probability as for southward
orientations (Gmlzalc~4  and ‘1’surutani, 1987). “J”hcrc arc also cam where the ficl(i lies primarily
in the ecliptic as wcli as cases witil large norlil-south compcmcnts  which vary rapi(i]y in time.
‘J’hc lat[cr cases do not cause storms bccausc of their sbor[ rcc(~l~l~cctiol~/col~  vcctiol~ time scales.
‘1’hc rcsu]t is that ml y mm in about 6 cases of CM] k tht impinge upm tk l;arth lca(i to an
intense (lJs’1 < -100 n“]’) magnetic storm (’J’surulani  an(i Gonmicz, 1990).  Note that the above
mentioned (irivcr gas fic](is apJl]y to sloms  which occur at m“ near so]ar maximum. ] .CSS is
known about possible equivalent struc[urcs (iurin~, solar minimum.

Many of ti~c solar win(i-magnetic storm relationships ciiscusscci above can bc illustratc(i by
showing scmc space plasma (iata. An example is given in Iiigurc 10. l;rmn top to bottom, the
panels give the solar win(i velocity, plasma cicnsity, magnclic field magnilu(ic, two components
of the magnetic field in CJSIJ coordinates, the Auroral lHcctrojct in(icx (A};) an(i Dsl.  in the
CiSli comiinatc systcm, x-points Iowarci the Sun, y is in the ecliptic plane Jmintins in lilt
(iircction of rotation of the planets, an(i Y complctcs the right-hami syslcm. ‘J’hc auroral c]cclmjct

is an ionosphere current which flows al - 1()() km al[itucic an(i is tyi)icali y locakxi at aurmal
h~titu~ics (- 63-68” magnetic latila(ic). ‘J’hc location moves cquatorwmi  {iuring magnetic skwms.

‘Jl}is  current bccomcs particularly intense (iuring ac[ivc am-oral (iisJdays an(i can math amplitu(ics



of up to 107 Amperes. ‘]’hc Al; incicx is a groul~(i-hascci n~casurcmcnt  of the magnclic fic]ci

associated with this ctmcnt.
An interplanetary shock is nobxi in the l;igurc at the beginning of August 27 by an abrupt

jump in the solar wil~(i velocity, cicnsity an(i ma~nctic ficl(i magnitucic. ‘1’hc incrcasc in ram
prcssum leads 10 an incmlsc in Ds’1 to positive values. ‘1’his is the cmsct of the storm it~ilial
phase. ‘J’owards the cmi of the day, IIz, turns negative (smltbwar(i) at)(i remains in this (iircction
for mm’ ] 2 hmJrs.  ]lSrJ (iccrcascs in response, signifying the slarl of the storm main phase, i.e.,
the ring current buil(i-up. As the IM}i }17, turns positive (northward), Ils’1 begins to incrcasc ami
the msct of the rcmvcry phase begins.

l;or the interval of August 1978 - ]lcccmbcr 1979 anti using the lSIiIL3 observations,
~;onzalc~l an(i ‘J’surutani (1 987) foun(i that the lcn intense storms (IISFJ <-1 (N n-l’) that ha(i
occurrc(i in this time interval were associa[c(i wilil large-intcmily (< -10 11”1’) an(i long-(iumlion
(> 3 hours) ncp,ativc 1)7, events, of the type of hat shown on l’igurc 10.

in the storm event of IJigurc 10, the rccovcry phase is cxccplionally long. Continuous auroral
activity (Al;) is associatc(i with this interval an(i is illustratmi by the bar in the Al; pane]. Iluring
this lime, the intcrplanclary mmiium is charac[crizc(i by rapi(i fluctuations in the ttansvcrsc (y
an(i z) componcmts of the magnc(ic ficl(i. ‘1’im ficl(i magnitmic  is relatively constant. Analyses of
the ficl(i and plasma data in(iicatc that these fluctuations am Alfw?n waves (13clchcr an(i IIavis,
1971 ) propagating outwar{i from lhc sun. LJSC of magnetic ficl(i mcasurcmcnts on spacecraft
closer to the ]~ar[h have (icmons[ratc(i  that the AIi incrcascs arc correlated with southwar(i
(icviations of the ficl{i, the latter associatcci with ti~c Al fvdn waves. “1’bus, the auroral (Al;)
activity is tiuc 10 magtmlic rccmncclion (’J’surutani c( al., 1990). I Iowcvcr, it is notc(i that there
is very lit(lc ring cmcnt activily (IJs’11) (iuring this cxtcn(icd interval.

‘1’hc lack of ring current activity can bc un(icrstood by the nature of the southwar(i ficlci
COlllpOl)ClltS  Of thC Alfv6n  W:iVCS. “1’hc  ficl(is arc less intense than those. during the storm main
phase (SCC }~igurc) an(i their dura[ions  arc consi(icrab]y  shorlcr. ‘1’hus the consequential nightsi(ic
convcc[im will hc of lower velocity an(i will occur sporadically. l’lasma will only bc brouf,ht
into the oulcr rcgims of the ]]l:lgllct(~s]~l]c]”c  whcm they fcc(i the high Iati[u(ic aurora an(i not (iccp
into the magnctosphcrc where the rin~ current pmlominantly rcsi(icso

Olilcr types of solar will(i-lll:lgllclospllclic iiltcraclims ha(i been hypolhcsim(i, such as a
“viscous intcractim” bctwccn the solar win(i an(i the magnctosphcm (Axfmi ami 1 lines, 196 I ).
‘1’here is cvidcncc that the Kelvin IIclmholz instability occurs when the IMI~ is orlhogmlal
(northward to lhc tail ficl(i (iircclion. 1 lowcvcr, it was rcccntly shown that only -0.1 % of the



solar wind ram energy cntm the magnctosphcrc during tbcsc cwcnts, as compared to ] 0% during
magnetic reconnection intervals (storm events) (’1’SU~Llhl)i  cl al., ] 992).

Anotbcr  “viscous type” of interaction is rcsmant wave-pariiclc intcractims near the ciaysidc
magnctopausc. 1[ has boa] shown that clcctmnagnctic.  and clcctros[atic waves can scatter
magnctoshcath plasma across this boundary at a rate which approaclms 10% of the llohm

diffusion rate (Tsurulani  and ‘l”homc, ] 982). “1’hc diffusion and pi[ch angle scattering have been
speculated to bc the cause of the daysidc aurora, a low-level feature which is almost always
]Mcscn[  .

V. IJU’I’(JR1 SPAC1l P1lYSICS MISSIONS

Where do wc go from here? }Iow am wc going to fully un(icrsland lhc flow of energy
from lhc sun to the nlagnctosphcrc and the eventual sinks in the ionosphere and magnctotail?
onc future space mission is the international Solar “1’cwcstrial Physics (1 S’1’1’) mission which is
dcvotcct to quantitatively SOIVC the energy flow problcm discussed in this paper. ‘J’hc National
Acmnautics and Space A(ll~lil~ist14:llio1~ (NASA), lhmpcan Space Agency (ISA), Russian Space
Research ]nslitutc (IK1) and Japanese ]nstitutc of Space and Astronautical Scicncc (ISAS)
scientists will place spacecraft in interplanetary space. (WIN]], S0110 ami Cluster), in the
n~agnctosphcrc (Polar, and Cluster) and in the tail (G] ;0’1 “Al 1,) to do this energy mapping.

1.astly, a mission of the future is tlw Small Solar Probe spacecraft. ‘Jl~is mission is being
considcrcct  as another joint NASA/l ;SA/l Kl/l SAS mission. ‘l”hc Small Solar l’mbc is designed to

go to a (iislancc  as close as 4 solar radii from the sun’s ccntcr. ‘J’hc beat shic](i will reach -2100
K at 4 1<s, a tcmpcraturc that will mcll n)osl metals or al least make thm limp or britilc. Small
Solar IYobc will usc carbon-carbon for lhc shic]d. 11 will pmlcct the scientific instruments which
arc located in the shield’s umbra, and will allow thcm to opcra{c at a tcmpcraturc of -20” C. ‘1’hc
international complement of instruments will measure in situ ficl(is and par[ic]cs to establish the
cause(s) of coronal heating and the acceleration of the solar wind, Ctctcrminc the characlcris[ics
of microflarcs and possibly even dctccl the rclmc  of a CM E ‘J’his mission will probe cm of the
two remaining frontiers of our hcliosphcrc.
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a) Shocked southward fields
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d) Draped magnetic fields
Zwan and Wolf, 1976
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